Abstract
Introduction
The Deep Rose Lake map area (NTS 66 G ) is located northwest o f the Keewatin Ice Divide (Lee e t a]., 1957; Shilts, 1980) 
. Regional ice flow and drift transportation direction in the region was 325" ? 5', clearly indicated by orientations o f long axes o f lakes, fluting, and drumlin-like forms and by displacement o f dolomite and orthoquartzite boulders northwestward from their outcrops. Trains o f Rogen moraine, consisting o f hummocks and short, arcuate ridges oriented approximately at right angles to 325', are disposed in ribbon-like patterns trending approximately 325' over much o f the region.
In the southeastern part o f the Deep Rose Lake map area two segments o f the Deep Rose Lake esker system were studied in detail just west o f Deep Rose Lake (B.C. McDonald, unpublished data, 1968) and near " IFO' Lake" (Fig. 24.1) . The glaciofluvial system at I F 0 Lake trends about 350" ( + 10") 
Glaciofluvial Complex
Remnants o f gravel terraces were found on and adjacent t o the esker ridge that extends northward from the north end o f I F 0 Lake (Fig. 24.1 The glaciofluvial-glaciolacustrine system a t I F 0 Lake comprises several distinct elements ( Fig. 24.1) , most of which a r e time-transgressive because of their deposition in association with t h e steadily retreating ice front.
Esker ridge complex
The oldest component of the late glacial meltwater system a t any given point is the esker ridge or ridge complex which was formed in a tunnel at or near the base of t h e glacier. The tunnel more or less followed t h e axis of a low area in the bedrock surface, but separated from its driftbedrock floor and climbed through t h e ice in order t o cross a transversely oriented orthoquartzite ridge a t t h e south end of I F 0 lake. Where the esker sediments were deposited near t h e base of t h e ice, and were not modified by postdepositional processes, they now form a sharp-crested ridge with side slopes in excess of 25" (Fig. 24.2) . Where the sediments deposited in t h e raised tunnel north and south of t h e quartzite ridge were lowered over melting ice, they formed an irregular, hummocky deposit, barely identifiable a s a part of t h e esker.
In some places the single ridge splits into several ridges which pass downstream back into a single ridge (Fig. 24.3 ). This is thought t o have occurred where sedimentation r a t e s were so high, because of increased sediment supply, slope changes, slowing of ice front retreat, or other unknown factors, t h a t t h e tunnel was blocked by sediment, causing formation of a bypass tunnel, which, if blocked, was bypassed again, etc.
A question of fundamental importance in developing a sedimentation model for t h e I F 0 Lake esker is, "how much of the glaciofluvial system was functioning a s a tunnel a t the base of t h e ice at any one time?" The deposits of t h e Deep Rose Lake and other major esker systems in the District of Keewatin reflect what appears t o have been a fully integrated Horton system of tributaries and trunk streams, regularly bifurcating upstream into lower order tributaries until the deposits disappear near t h e Keewatin Ice Divide. This pattern may b e interpreted in a t least t h r e e ways: 1) The whole system may have functioned subglacially in subice tunnels extending from t h e c e n t r e of a thin, stagnant glacier t o its retreating margins, which lay a t one t i m e some 300-500 km away. Although this model has some merit, t h e very size of the ice sheet a t the inception of esker deposition would seem t o argue against it, t h e thicker ice near t h e divide being too plastic at t h e base t o maintain open tunnels.
In addition, i t is hard t o imagine how t h e Horton system could have developed so fully within a solid mass of ice; topographic irregularities at t h e base of t h e ice would have exercised greater influence on esker trends than is evident from t h e Horton pattern.
2) The esker may have been deposited by s t r e a m s flowing in short tunnels near t h e margin of t h e glacier, continuity being maintained by up-ice migration of t h e heads of the tunnels by melting (St-Onge, 1984, p. 274) .
Although this model is more compatible with observed sedimentation features and probable dynamic conditions in t h e retreating ice, i t does not explain well t h e Horton pattern of tributaries. It is hard t o imagine how a subglacial tunnel would bifurcate regularly a s i t melted up ice without some external control.
3) The most a t t r a c t i v e model of glacial meltwater drainage in this region is presently one in which an integrated system of drainage channels developed on t h e surface of t h e glacier, t h e meltwater plunging to the base of t h e glacier t o flow in a subglacial tunnel t h e last f e w kilometres of i t s course before issuing from t h e retreating glacier front (similar to the model suggested by St-Onge, 1984, p. 273) . This system would have developed quite l a t e in t h e glacial cycle, when most of t h e glacier was below t h e equilibrium line. The tunnels near t h e ice edge would have extended themselves headward by melting, a s in t h e preceding model, but their headward migration would have followed roughly t h e t r a c e s of t h e surface drainage, thus accounting for t h e regular bifurcation upstream. This hybrid model best explains both t h e Horton drainage pattern and t h e manifest evidence of subglacial origin of esker sediments.
These hypotheses cannot b e tested at I F 0 Lake but a r e absolutely fundamental t o interpreting both t h e vertical and lateral changes in provenance of t h e clasts t h a t make up t h e esker. If t h e basal tunnel was only a f e w kilometres long (as in models 2 and 31, no clast could have been derived from bedrock, already deposited till, or t h e basal load of t h e glacier from farther upstream than t h e average length of t h e tunnel. Even so, debris may have been carried considerable distances by t h e glacier itself before being incorporated into t h e esker sediment at t h e head of a tunnel. If t h e tunnel was part of an integrated system functioning a t t h e base of t h e ice everywhere a t once (as in model I), clasts a t a given s i t e could have been derived from anywhere upstream t o t h e head of t h e esker system. If p a r t of t h e system was supraglacial and part subglacial (as in model 3), clasts could have been derived anywhere downstream from where t h e surface drainage plunged t o t h e base of the ice, a point t h a t would have shifted up i c e with time.
In trying t o assess t h e provenance of esker sediment, i t should be borne in mind t h a t t h e bulk of t h e sediment comprises clasts originally liberated from their source outcrops by glacier erosion and carried, in some cases tens or hundreds of kilometres, a s a poorly sorted basal load in the glacier or deposited as till beneath t h e glacier. Very little esker sediment is produced by t h e direct e f f e c t s of fluvial action on bedrock, a f a c t graphically illustrated on t h e west side of t h e esker north of I F 0 Lake by t r a c t s of glacially rounded bedrock swept clean of drift but not modified by subglacial meltwater of t h e fluvial system t h a t deposited t h e esker.
In the continental glacier t h a t covered t h e relatively f l a t terrain of central District of Keewatin, t h e volume of debris available for transportation and erosion in any particular segment of t h e esker tunnel comprised mainly t h e sediment that was available in t h e basal layers of the glacier and in the subglacial till immediately underlying t h e tunnel down to bedrock. Lack of supraglacial deposits in this region suggests t h a t the higher parts of t h e glacier were relatively f r e e of debris. If ice was perfectly rigid, once t h e basal debris was carried away by meltwater, no more erosion would have occurred and consequently no more of t h e components in t h a t part of t h e tunnel would have been available. However, since this and other eskers comprise a much greater volume of coarse debris than erosion and redistribution of the till immediately beneath their tunnels can account for, additional debris must have been brought into t h e esker tunnel by i c e flowing into i t from its sides, bringing debris from lateral areas into t h e tunnel, a s shown by Repo (1954) . Ice would have flowed laterally into t h e tunnel at a r a t e determined by how fast the subglacial meltwaters could melt t h e tunnel walls and carry away t h e debris entrained in them. Thus, t h e meltwater t h a t formed t h e I F 0 Lake esker could have been transporting debris fluvially a t 350° t h a t had been first transported a t 325' by t h e i c e first transported 325", then transported 235" or 5 5 O by lateral ice movement into t h e tunnel a s shown schematically in Figure 24 .4. 
Erratics of Component

Outwash terraces and buried ice
The Deep Rose Lake esker system, like many eskers in District of Keewatin, is flanked by one or m o r e levels of sand and gravel terraces, fragments of which a r e superimposed on t h e valley sides and on t h e esker ridges, themselves ( Fig. 24.2, 24 .3, 24.5).
These terraces a r e remnants of sediment deposited in braided outwash streams, traces of t h e braided channels being preserved on many of t h e fragments ( Fig. 24.3) . The outwash streams exited from an esker tunnel mouth in t h e steadily retreating ice front. St-Onge (1984) described fan-shaped outwash terraces t h a t may be similar t o those described here.
The only way t h a t fluvial outwash could have been deposited in valleys t h a t a r e now interrupted by numerous lakes is if the shallow, broad valleys in this region were temporarily occupied by thin masses of remnant glacier ice, which served a s temporary floors for unrestricted drainage away from t h e i c e front. Presence of thin (<30 m thick), persistent masses of ice in shallow depressions has been inferred by B.C. McDonald (unpublished) in his research on this system and by t h e author in many depressions occupied by lakes typical of the Canadian Shield (Klassen and Shilts, 1982; Shilts, 1984) . St-Onge (1984) also inferred t h a t stagnant ice of unspecified dimensions was trapped in proglacial lake waters in t h e Redrock Lake area, District of Mackenzie.
Observations of modern glaciers indicate t h a t they carry significant concentrations of debris only in a zone 10-20 m above their base, t h e rest of t h e glacier generally being relatively f r e e of debris. It is possible that, during downwasting of a largely stagnant ice sheet, such a s the one visualized for this p a r t of Keewatin, once t h e top of this debris-rich zone was exposed, the insulating e f f e c t of debris melting out of t h e i c e would have retarded melting. Rapid deposition of fluvial or glaciolacustrine sediments in depressions on this surface would have further retarded melting, leaving buried glacial ice stranded in valleys and closed depressions long a f t e r well drained uplands became ice free.
As buried i c e melted in its downstream reaches, lowering local base level, t h e upstream portions of a meltwater stream would have adjusted gradient by cutting down into both t h e remnant glacial ice and t h e superimposed glaciofluvial deposits.
The end result of this controlled downcutting was t h e formation of a series of paired terraces throughout each valley now occupied by an esker. Although t h e terraces a r e largely depositional, where t h e buried esker ridge or other deposits projected through t h e ice, they were sometimes planed off by fluvial erosion t o t h e level of t h e depositional part of t h e t e r r a c e or t h e i c e floor, leaving remarkably flat-topped esker segments in places ( Fig. 24. 2). Like t h e esker ridge, the terrace deposits a r e in part timetransgressive, being deposited by meltwater emanating from a constantly retreating source (tunnel mouth in the i c e front).
Deposits in t h e esker tunnel raised over t h e orthoquartzite ridge
There is a 5 km gap in easily identifiable esker deposits on either side of t h e quartzite ridge t h a t lies at t h e south end of I F 0 lake. The ridge projected 30-40 m above t h e general level of t h e base of t h e retreating glacier, forming a barrier t o subglacial drainage. As a result, t h e esker stream, which generally was flowing on or near bedrock a t t h e base of t h e ice, appears t o have separated from t h e bedrock floor, forming a tunnel t h a t rose through t h e i c e over t h e ridge and descended t o t h e glacier's sole again in central I F 0 Lake. Among t h e most important results of decoupling of the esker s t r e a m from the glacier bed are:
I. Little sediment was derived from t h e segment where the decoupling took place, except at t h e quartzite ridge itself where one or more channels may have been c u t through t h e quartzite by subglacial meltwater.
2. Gravel deposited in t h e rising esker tube south of the ridge was grossly deformed by collapse when t h e i c e beneath the tube finally melted, lowering t h e deposits by a s much a s 40-50 m. These deformed deposits may b e seen immediately south of t h e quartzite ridge.
Sediments of t h e proglacial lake south of t h e quartzite ridge
Once the ice front had retreated south of t h e quartzite ridge, meltwater issuing from t h e esker tunnel mouth was blocked by t h e ridge, forming a lake. A massive ice-contact delta, fed by two esker streams, was built a t 200-210 m a.s.1. into this lake and stands now as a prominent landmark about 5 km south of I F 0 Lake. Water from t h e lake appears to have cascaded northward over t h e quartzite ridge a t least in its earliest stages.
Evidence for this drainage phase comprises t h e bare bedrock surface of t h e northeastern half of t h e ridge, which has been swept clean of till except for a 5-6 m-thick, teardrop-shaped remnant of till on i t s crest. Although the channel t h a t was c u t through the ridge lines up with and seems t o be a part of t h e glaciofluvial system, i t is physically below this washed surface and either was filled with i c e or with debris, preventing drainage. Alternatively, i t could have been c u t by later outflow from t h e lake. In t h e l a t t e r case, t h e channel would have had no relationship t o t h e subglacial fluvial system.
The apparent lack of a concentration of monolithological quartzite debris a t t h e north end of the channel suggests t h a t i t was not formed by overflow from t h e lake, in spite of its low elevation. The extension of the channel through drift t o I F 0 Lake, does, however, indicate t h a t overflow from t h e lake passed through i t a t some time.
Several clearly defined meltwater channels (Fig. 24.1 ) were c u t by water overflowing northward from t h e proglacial lake when its surface stood below the crest of t h e quartzite ridge a t about 190 t o 210 m a.s.1. One of these channels was excavated in till directly south of I F 0 Lake and issued into I F 0 Lake at elevations very near t o those of i t s present surface. The sand and gravel fractions of till eroded from t h e channel and from t h e quartzite ridge were redistributed into the lake a s deltas which now form low terraces and subaqueous sand flats a t i t s south end. These terraces can b e traced directly into fluvial deposits in the abandoned meltwater channels and a r e not related in genesis o r composition t o t h e outwash terraces found elswhere around t h e lake. Meltwater discharged for a t i m e into t h e large (GSC) lake a few kilometres southwest of I F 0 (Fig. 24.1 ) and built sandy deltaic deposits into i t also.
Terraces and sediments relating t o draining of t h e proglacial lake
The glacial lake ponded south of t h e quartzite ridge eventually drained completely. The glaciofluvial deposits south of the delta include the s a m e types of esker tunnel sediments and ice-floored outwash trains t h a t a r e found north of I F 0 Lake. Before t h e lake drained completely, however, falling lake levels caused meltwater from t h e south t o c u t into t h e delta, forming a series of erosional terraces on it, particularly along i t s southwest side. Elevated fragments of meandering channels and braided stream patterns scar the west side of t h e delta whereas t h e surface of t h e e a s t side is almost wholly disrupted by kame and k e t t l e topography, reflecting collapse of t h e sediment over melting ice. 
Implications for drift prospecting
It is important to understand the origin of the various elements of t h e glaciofluvial system because, although they a r e related to each other in space, they a r e not necessarily related to each other in time. For example, t h e presence of economically interesting erratics on a t e r r a c e and their absence on an adjacent esker might be expected. To find t h e source of erratics deposited on a terrace i t would b e helpful t o know where t h e ice front was and how much i t retreated during formation of the terrace, since controls on esker compositions also apply t o their proglacial fluvial extensions -the terraces. Only scattered fragments of terraced glaciofluvial sediment remain along t h e segment of the Deep Rose Lake esker studied most intensively, but the segment studied by McDonald is flanked by a single s e t of fairly continuous outwash terraces (Fig. 24.5 ).
The gradient and e x t e n t of the original t e r r a c e systems of the I F 0 Lake tributary can be estimated, however, by plotting elevations of t e r r a c e remnants against distance northward down the paleoslope from t h e south end of I F 0 Lake (Fig. 24.6) .
By connecting points representing t h e elevations of once contiguous terrace fragments, one can deduce t h e existence of a series of t e r r a c e levels, each having more or less t h e s a m e gradient, and each of which can be extrapolated back approximately t o t h e last position of the ice front before downstream melting of buried ice caused downcutting to t h e next lower terrace level. Areas where t h e source outcrops of erratics of economic importance might be located probably would have been somewhere south of an ice front deduced for a particular terrace. Source outcrops would be located within t h e zone traversed by t h e esker stream or, because of lateral i c e flow into the tunnel, in t h e zone immediately adjacent t o it.
Conclusion
The I F 0 Lake segment of t h e Deep Rose Lake esker system comprises t h r e e main sedimentation elements: I ) sharp-crested single or multiple esker ridges deposited in a tunnel(s) a t t h e base of t h e ice and hummocky, rounded ridges deposited in a tunnel raised above t h e base of t h e ice. The form of t h e latter deposit was caused by lowering as a result of melting of underlying ice; 2) sand and gravel terraces built a t one or more levels on and adjacent t o esker ridges by meltwater streams issuing from t h e esker tunnel mouth in the retreating ice front. Only fragments may remain because t h e outwash trains were partially deposited on temporary floors of glacier ice t h a t was preserved in shallow depressions. Initially, ice may have been preserved by t h e insulating properties of debris melted o u t of sediment-choked basal layers of t h e glacier, exposed during downwasting of t h e largely stagnant ice mass. As these remnant ice masses melted downstream from t h e tunnel mouth, local base level was lowered upstream, causing downcutting and insetting of t h e outwash train below t h e higher outwash deposits. The n e t result of this over-ice deposition and downcutting was t h e preservation of terrace remnants in the valleys now occupied by t h e Deep Rose Lake esker system; 3 ) glaciolacustrine deposits, including esker deltas and offshore, fine grained sand deposited in a lake dammed between t h e retreating ice front and a bedrock ridge lying athwart t h e depression now occupied by t h e esker.
With respect to mineral exploration, t h e provenance of sediments in the esker ridge is likely t o be unrelated to that of t h e adjacent t e r r a c e deposits which were deposited sometime a f t e r the esker sediments were deposited. The provenance of both types of deposits depends on I) t h e length of t h e basal tunnel functioning a t one time; 2) t h e initial direction of transport of t h e basal debris eroded, sorted, and transported by t h e subglacial stream; and 3 ) t h e length of any segments of the esker tunnel raised above the base of the glacier, among other factors.
Although understanding of t h e esker sedimentation model cannot completely eliminate t h e element of luck in finding the source of mineralized components found on one of i t s elements, i t can certainly make luck less of a factor in mineral exploration.
Because much dr.ift prospecting in Canada is carried out by searching for mineralized erratics on esker systems, t h e importance of t h e sedimentation model t o mineral exploration cannot be overstated.
